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Fig.  1. — HENNEBIQUE’S  APARTMENT  HOUSE. 
1 Rue  Danton,  Paris, 

Entirely  in  Ferro-Concrete. 
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INTRODUCTION 


It  is  more  than  forty  years  since  armored  cernent  was  invented,  that  is  to  say, 
when  the  idea  was  conceived  of  strengthening  cernent  pipes  and  fiower  boxes  by 
means  of  metallic  frames. 

Some  few  years  later,  réservoirs,  bridges  and  arches  in  armored  cernent  were 
bnilt  in  Germany  and  in  Austria;  but  it  seems  that  American  engineers,  for  the 
purpose  of  fîre-proofing  their  buildings,  were  the  first  to  apply  this  new  invention 
to  the  construction  of  floorings. 

There  are  now  a great  many  Systems  of  girders  and  floorings  of  ferro-concrete 
but  when  one  thinks  of  the  enormous  advantages  of  this  mode  of  construction,  it 
is  surprising  that  it  is  not  more  frequently  applied  by  American  architects  and 
engineers,  especially  in  such  édifices  the  protection  of  which  against  the  danger  of 
fire  is  of  important  interest. 

In  the  last  ten  years,  however,  construction  in  armored  concrète  lias  assumed 
great  importance  in  Europe  and  we  may  now  say  that  it  has  no  longer  to  prove  its 
merits,  as  its  solidity,  its  durability  and  its  fire-proof  qualities  are  acknowledged 
by  the  generality  of  civil  engineers  and  architects. 

Why  is  it  then  that  ferro-concrete  has  suddenly  taken,  in  Europe,  so  important 
a place  in  the  art  of  building?  We  boldly  reply:  “ because  Mr.  Hennebique  has 
given  it  a rational,  practical  and  economical  form.” 

On  the  8th  of  August,  1892,  Mr.  Hennebique  took  out  his  first  patent  in 
France  for  ferro-concrete  girders  and  floorings  and,  since  that  date,  his  business  has 
attained  a large  and  constantly  increasing  development,  as  may  be  seen  by  refer- 
ence  to  the  following  figures: 


Years 


1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 


Number  of  Different 
Works  Executed 

6 


Value  of  Contracts. 


163.000 

900.000 
1,600,000 

2.500.000 

4.600.000 

8.200.000 


Francs 


41 

62 

127 

290 

473 

827 

1235 


14.500.000 

21.200.000 


58585 
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This  last  figure  is  easily  explained  b y the  large  nnmber  of  constructions  Mr. 
Hennebique  was  commissioned  to  execnte  for  the  Paris  exposition  of  1900  and 
which  won  for  him  a Grand  Prize  at  the  exposition. 

The  buildings  in  which  the  Hennebique  System  could  not  be  usefully  applied 
are  few  in  number.  Foundations,  piles,  walls,  posts,  girders,  floorings,  staircases, 
roofings,  réservoirs,  tanks,  wells,  elevators,  eanals,  bridges  and  foot-bridges  are  now 
made  of  ferro-concrete. 

We  propose  to  présent  in  this  pamphlet  the  principles  of  the  Hennebique 
svstem.  We  will  then  show  its  advantages  and  review  some  of  its  most  interesting 
applications. 


Ferro-Coxcrete  Construction 


Principle  of  the  Hennebique 

Girder 


On  October  4,  1898,  Mr.  Hennebique  took  out  a patent  (No.  611,907)  in  the 
United  States  for  “The  Construction  of  Joists,  Girders  and  the  Like.” 

The  girder  is,  in  faut,  the  most  important  element  in  the  construction  of  a 
flooring,  and  it  was  the  invention  of  the  girder  which  led  Mr.  Hennebique  to  make 
the  numerous  applications  he  has  made  of  his  System. 

In  order  to  arrive  at  a correct  understanding  of  the  Hennebique  girder  let  us 
first  examine  a sériés  of  floor  Systems.  It  will  then  be  seen  by  what  process  of 
scientific  évolution  and  careful  calculation  Mr.  Hennebique  arrived  at  his  perfected 
System. 


Fig.  3. — Iron  and  Brick  Floor  (not  fire  proof,  not  water-proof). 
Span  of  Beams,  lô/ 

Spacing  of  Beams,  6' 

Steel 5 lbs. 

Filling 67  “ 

Weight  of  Floor 72  “ per  sq.  ft. 

Superimposed  Load  ....  78  “ per  sq.  ft. 

Total  Caleulated  Load 1 50  lbs.  per  sq.  ft. 


To  begin  with,  let  us  consider  an  ordinary  I beam  and  brick  arch  floor.  Let 
us  note,  in  the  first  place,  that  the  brick  arches  add  no  element  of  strength  to  the 
iron  beams,  unless  it  be  by  the  “ braeing  99  which  tliey  furnish  them.  (Fig.  3.) 

The  iron  beam  is  composed  of  three  parts:  the  web  and  the  two  flanges,  and 
each  of  them  is  destined  to  resist  stresses  of  a spécial  nature. 

The  bending  which  the  beam  undergoes  when  overburdened  shows  that  the 
chords  of  the  upper  flange  are  subjected  to  strains  of  compression  while  the 
chords  of  the  lower  flange  are  subject  to  tension  strains. 

The  function  of  the  métal  which  constitutes  the  web  of  the  beam  is  to  unité 
the  two  flanges  and  enable  them  to  combine  their  respective  powers  of  résistance 
so  as  to  withstand  the  bending  of  the  beam.  This  métal  is  subjected  to  a tendency 
to  longitudinal  slipping  of  the  chords  with  reference  to  each  other. 
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But  this  is  not  ail.  Shearing  stresses  occur  near  the  supports  and  the  whole 
section  of  the  beam  is  thus  called  upon  to  resist  these  stresses.  In  most  cases  the 
section  of  the  beam  employed  is  more  than  sufficient  to  supply  the  necessary 
résistance  to  these  forces. 


Fig.  4. 


Now  let  us  consider  another  flooring  composed  of  I beams  but  the  filling  of 
which  is  composed  of  ferro-concrete  cernent.  We  will  thus  obtain  an  excellent 
construction,  which  is  fire-proof  and  water-tight.  (Fig.  4.) 

We  think  that  no  competent  engineer  will  refuse  to  admit  tliat  here,  the  con- 
crète filling  brings  to  the  iron  beam  a supplément  of  strength  important  enough 
to  permit  our  employing  without  danger,  I beams  of  lighter  weight  than  those 
used  for  the  flooring  we  hâve  studied  previously.1 

But  we  know  on  one  side  that  the  concrète  ofîers  considérable  résistance  to 
the  stress  of  compression  and  not  to  the  stress  of  traction  2 and  on  the  other  hand 
that  this  stress  of  traction  is  efficiently  resisted  by  iron  or  steel. 


Let  us,  therefore,  do  away  with  the  upper  flange  of  the  iron  beam  and  sup- 
press  at  the  same  time  part  of  the  concrète  in  the  lower  face  of  the  floor;  we  do 
not  diminish  to  any  great  extent  the  force  of  résistance  of  the  flooring,  while  we 
leave  to  it  its  fire-proof  quality.  (Fig.  5.) 

Mr.  Hennebique  went  further:  he  suppressed  also  the  web  of  the  beam,  and 
substituted  for  the  lower  flange  simple  bars  of  round  iron.  He  succeeded  thus  in 
realizing  a.  considérable  economy  in  the  cost  of  the  construction  we  hâve  described, 
while  not  taking  away  any  of  its  qualities  of  solidity  and  incombustibility. 


'Expérience  has  proven  tliis  and  theory  confirais  it  as  follows:  We  hâve  brought  to  the 
upper  flanges  a supplément  of  résistance  by  the  addition  of  the  concrète.  By  this  single  fact  we 
hâve  raised  the  neutral  axis  of  the  profile;  we  hâve  augmented  the  leverage  of  the  tensile  cbords 
and  cousequently  increased  the  beam’s  moment  of  résistance  to  tension. 

2 For  cernent  mortar,  1 to  3,  the  ultimate  tensile  strength  is  300  pounds  per  square  inch,  and 
the  ultimate  compressive  strength  is  3000  pounds  per  square  inch. 
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Figure  No.  6 represen-ts  the  section  of  the  beam  and  the  ülling  which  is  indis- 
solubly  bound  to  it.  Girder  and  fdling  are  both  formed  of  concrète  of  Portland 
cernent,  moulded  on  the  spot.  At  the  lower  part  of  the  girder  the  bars  of  round 
iron,  of  which  we  hâve  just  spoken,  are  shown. 

The  stress  of  compression  which,  in  the  I beam,  was  resisted  by  the  upper 
flange  is  now  opposed  by  the  prism  of  concrète  which  constitutes  the  filling.1 

The  stress  of  tension  is  resisted  by  the  bars  of  round  iron  that  hâve  taken  the 
place  of  the  lower  flange  of  the  I beam.  As  we  hâve  seen,  these  two  parts  of  the 
girder  must  be  indissolubly  connected  by  a web  which  transmits  the  compressive 
stresses  to  the  chord  in  tension  and  which  opposes  the  longitudinal  slipping. 

Concrète  is  the  most  economical  material  for  such  a union,  the  more  so  as  it 
envelopes  the  bar  and  so  protects  it  from  ail  exterior  influences.  But  the  con- 
crète alone  will  not  suffice  for  this  task,  for  in  certain  cases  it  might  be  subjected 
to  stresses  of  traction  or  of  slipping  for  which  it  is  not  adapted.  For  resisting 
such  forces,  Hennebique  calls  for  a sériés  of  stirrups  distributed  along  the  beam 


Fig.  6. — Hennebique’s  Floor. — Fire  proof — Water-proof. 

Span  of  Beams,  15/ 

Spacing  of  Beams,  6/ 

3 lbs. 

45  “ 


Weight  of  Floor 48  “ per  sq.  ft. 

Superimposed  Load  78  “ per  sq.  ft. 

Total  Calculated  Load 126  lbs.  per  sq.  ft. 


Steel. . . . 
Concrète 


connecting  the  bars  with  the  upper  part  of  the  concrète.  The  stirrups,  incased 
in  the  concrète,  constitute  the  web  of  the  girder  by  completing  it. 

These  stirrups  which  we  represent  in  figure  No.  8 are  made  of  simple  hoop- 
iron  bent  in  a U shape  around  the  round  iron. 

Numerous  experiments  hâve  been  made  to  show  the  utility  of  these  stirrups. 
Two  exactly  similar  girders  were  recently  constructed  for  test  purposes  by  Mr. 
Hennebique,  one  being  provided  with  stirrups,  the  other  with  none.  Both  were 
loaded  until  they  began  to  show  cracks.  The  stirrupless  girder  was  the  first  to 
give  way.  By  continuing  to  add  to  the  load,  there  was  seen  what  we  show  in 
figure  No.  7. 

Numerous  experiments  bave  been  made  in  Germany  and  Austria  on  blocks  of  mortar  and 
concrète  taken  from  bridges  in  concrète  or  armored  cernent  in  process  of  construction,  and  tlie 
figures  of  résistance  to  compression  vary  from  200  to  300  kilos  per  square  centimètre  (2800  to  5000 
lbs.  per  sq.  inch).  (Candlot-Ciments  et  Chaux  hydrauliques.) 
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In  the  stirrnpless  girder  the  concrète  broke  ofï  in  plates  nnderneath  the  iron 
leaving  it  bare.  Bnt  with  the  same  load  the  Hennebique  girder  showed  only 
normal  fissures  perpendicular  to  the  axis.  It  is  clearly  demonstrated  that  this 
strengthening  of  the  giider  more  than  compensâtes  the  expense  of  iron  and  labor 
occasioned  by  the  placing  of  stirrups. 

It  should  be  borne  in  mind  that  the  trussing  of  the  Hennebique  girdings  is 
formed  solely  of  the  stirrups  and  round  iron  bars.  This  round  iron  is  easily  pro- 
eured;  it  has  more  résistance  than  ail  other  profiles,  the  areas  being  equal.  It  is 
true  that  it  présents  the  smallest  surface  as  compared  with  other  irons  having  the 


same  weight  per  lineal  foot,  but,  as  we  will  show,  its  adhérence  is  more  than 
sufïicient.  It  has,  besides,  this  advantage  that  it  does  not  occasion  in  the  concrète 
mass  the  small  cracks  so  often  caused  by  the  sharp  edges  of  fiat  or  square  bars. 

We  hâve  said  that  the  girder  is  subjected,  in  the  vicinity  of  the  supports  to 
shearing  stresses  which  tend  to  clip  it.  Figure  No.  8,  which  represents  the  girder 
in  élévation  shows  that  above  the  supports  we  hâve  a quantity  of  métal  equal  to 
that  which  is  in  the  center  of  the  girder  and  that  this  métal  is  symmetrically  dis- 
tributed  through  the  section.  It  is  ascertained  by  computation  that  most  of  the 
lime  this  métal  is  amply  sufïicient  to  resist  the  stresses  of  shearing  and  the  résistance 
of  the  concrète  counts  for  nothing. 


Ferro-Concrete  Construction 


Ü 


Fig.  8. — Hennebique’s  Girder. 
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It  will  be  observecl  that  it  was  deemed  expédient  to  place  one-half  of  the 
round  iron  bars  in  the  médian  section  and  then  to  turn  tbem  up  obliquely  to  reacli 
the  upper  part  of  the  girder.  They  are,  indeed,  no  longer  necessary  to  resist  the 
stresses  of  tension  whieli  diminish  ])rogressively  as  one  moves  away  from  the 
middle  of  the  girder;  and  they  corne  to  oppose  the  shearing  stresses  which,  on  the 
contrary,  increase  when  one  cornes  nearer  to  the  supports. 

The  same  figure  shows,  besides,  that  the  stirrups  are  the  doser  to  one  another 
the  nearer  they  are  to  the  supports.  The  reason  for  this  is  the  following: 

By  subjecting  a stirrupless  girder  to  increasing  loads  until  they  corne  to  break, 
Mr.  Hennebique  observed  that  the  cracks  produced  in  the  concrète  close  to  the 
supports  were  not  vertical  but  oblique  and  that  the  inclination  of  these  cracks  was 
the  greater  as  they  were  the  more  distant  from  the  supports. 

This  observation  led  liim  to  multiply  the  stirrups  at  the  ends  of  the  girder  in 
order  that  the  point  of  breaking  should  meet  a great  number  of  stirrups  whieli 
would  présent  an  opposition  to  such  breaking. 
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Fig.  9. 


The  oblique  tie-rods  connected  with  the  stirrups  oppose  also  the  longitudinal 
slipping  of  the  girders  chords.  They  form  together  unalterable  triangles  analo- 
gous  to  those  we  see  in  trussed  girders  composed  of  wood  and  iron  tie-rods. 

In  our  system,  ferro-concrete  is  substituted  for  wood. 

Hennebique’s  ferro-concrete  is  made  up  with  mixtures  of  varying  proportions 
of  the  best  slow-setting  Portland  cernent,  coarse  siliceous  sand  and  clean  gravel  or 
brcken  rock.  Where  the  latter  is  used  its  dimensions  vary  between  and  l-f-J". 
The  quantities  of  the  component  parts  used  in  making  up  the  mortar  dépends  upon 
the  eharacter  of  the  work  for  which  it  is  to  be  employed.  The  weight  of  cernent 
used  varies  between  10  and  25  pounds  per  cubic  foot  of  béton  (concrète).  Either 
ii  on  or  soft  steel  rods  are  used  in  connection  with  the  béton. 

It  is  characteristic  of  the  Hennebique  System  that  the  wooden  moulds  for  ail 
work  are  first  set  up  in  place  after  which  the  ferro-concrete  is  laid  and  tamped 
therein. 

It  will  therefore  be  seen  that,  with  heterogeneous  materials,  Mr.  Hennebique 
constructs  girders  whose  every  part  resists  in  a perfect  manner  the  stress  of  trac- 


Ferro-Concret e C O X 8 ï R U C T I O X 


11 


tion,  the  stress  of  compression  and  shearing  and  bending  stresses.  Moreover  he 
reduces  to  a minimum  the  quantity  of  métal  used,  by  dispensing  with  it  wherever 
there  are  only  stresses  of  compression  to  be  resisted,  the  ferro-concrete  being  fully 
able  to  do  this  task. 

It  is  needless  to  state  that  the  principle  hereinbefore  described  may  be  applied 
to  the  manufacture  of  any  suitable  girders  or  joists  for  ceilings  or  floors  and,  in 
fact,  to  any  constructions  formed  of  béton  strengthened  with  métal,  which,  as 
regards  the  strains  which  they  will  support,  may  be  likened  to  girders  placed  on 
supports  or  incased  in  masonry.  It  is  aiso  understood  that  according  to  the  dimen- 
sions of  the  gircler,  the  transverse  section  of  which  is  not  necessarily  rectangular, 
the  number  of  bars  1 and  2 placed  in  the  same  vertical  plane  may  vary. 

Pillars,  columns,  walls  and  partitions  as  well  as  vaults  and  arches  are  made  of 
armored  béton  according  to  this  same  Hennebique  System,  which  consists  in  using 


Fig.  10. — Factory  Building  at  Epinal,  France. 

Construction  of  the  Brick  Walls  between  Ferro-Concrete  Posts. 

round  iron  bars  wherever  tension  stresses  occur  and  to  bind  them  by  means  of 
stirrups  (or  straps)  to  the  mass  of  the  concrète. 

Ail  rational  combinations  of  iron  and  cernent  are  based  on  the  following  facts: 

lst.  Equality  of  the  coefficient  of  dilatation  of  iron  and  cernent. 

2nd.  Créât  adhérence  between  the  iron  and  the  cernent. 

3rd.  Impossibility  of  the  iron  oxydizing,  imbedded  as  it  is  in  the  cernent. 

Ail  experiments  made  so  far  establish  peremptorily  these  important  points: 
lst.  It  lias  been  scientiflcally  demonstrated  by  M.  Durant-Claye,  chief  en- 
gineer  of  the  French  Ponts  et  Chaussées,  that  the  coefficient  of  dilatation  of  the 
two  materials,  iron  and  béton,  is  the  same  up  to  the  fifth  décimal. 
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2nd.  The  adhérence  between  iron  and  cernent  was  studied  by  Professor 
Baushinger  and  Professor  Eitter  who  hâve  estimated  it  at  40  kgr.  per  cm.2  (570 
lbs.  per  sqnare  inch).  If  it  be  admitted  that  the  nltimate  strength  of  iron  is  4000 
kgr.  per  cin.2  (57,000  lbs.  per  square  inch),  the  résistance  of  a bar  of  round  iron  of 

d2 

diameter  d will  be:  4000  m —■ 

4 

If  tins  bar  be  incased  in  béton  the  adhérence  of  the  béton  to  the  iron,  for  a 
length  l will  be  40  m ld. 

By  equalizing  these  two  expressions  we  find  l — 25  d. 

That  is  to  say  if  the  bar  of  round  iron  has  a length  equal  to  more  than  25 
limes  its  diameter  it  will  break  before  it  can  separate  from  the  béton  that  incases  it. 

3rd.  The  third  point  is  perhaps  the  most  important.  Our  construction  is 
composed  of  iron  or  steel  and  concrète  of  Portland  cernent. 

It  is  generally  acknowledged  that  this  concrète  is  absolutely  indestructible, 
that  it  resists  the  disintegrating  etïect  of  air,  of  inoisture,  of  water  and  steam, 
and  even  of  sea-water.  But  is  the  métal  imbedded  in  the  cernent  also  preserved 
from  in  jury?  Expérience  proves  that  it  is. 

The  first  Hennebique  floors,  constructed  twenty-five  years  ago,  are  still  stand- 
ing. 

This  point  is  so  important  that,  for  the  purpose  of  removing  any  possible 
doubt,  Mr.  Hennebique  recently  resolved  to  urge  an  official  inquiry  into  the 
préservation  of  iron  in  cernent  concrète.  This  inquiry  was  held  at  Grenoble 
(France)  where  there  is  a canalization  of  one  foot  internai  diameter  constructed 
in  1886  and  which  had  borne  for  the  past  15  years,  a pressure  of  75  feet  of  water. 

The  mayor  of  the  city  of  Grenoble  authorized  Mr.  Hennebique  to  tear  up  and 
examine  this  canalization,  which  was  done  on  February  2,  1901.  It  was  ascer- 
tained  that  the  iron  containecl  in  the  walls  of  concrète  was  intact.  The  duration  of 
the  ferro-concrete  depending  upon  the  duration  of  the  iron  employed,  it  follows  that 
the  duration  of  the  concrète  is  without  limit. 

Here  is,  moreover,  the  test  of  the  report  of  inquiry  which  was  then  drawn  up: 

“ City  of  Grenoble .” 

“ Official  Inquiry  regarding  tlie  préservation  of  Iron  in  cernent  concrète. 

The  City  Administration  ordered  the  construction,  in  1886,  of  a piece  of 
ferro-concrete  water-conduit  of  a length  of  330  feet. 

The  pipes  hâve  resisted  and  still  resist  the  normal  water  pressure  of  80  feet 
head.  The  length  of  the  single  pipes  is  6 ft.  3 ins.,  thiekness  is  lf  ins.,  interior 
diameter  is  12  ins. 

The  iron  skeleton  is  formed  by  30  longitudinal  rods  J in.  diameter  and  one 
interior  spiral  5/32  in.  wire,  one  exterior  spiral  J in.  wire. 

The  frame  of  the  pipes  weighs  88  lbs.  The  pipes  are  connected  together  bv 
armored  cernent  rings;  the  métal  employed  was  the  iron  of  commerce,  not  gal- 
vanized  but  black. 

On  the  2nd  of  February,  1901,  tlie  above  described  conduit  was  raised  up  again 
over  a length  of  16  ft.  Two  of  the  joint  rings  were  broken  so  as  to  set  free  two 
lengths  of  pipe  which  were  covered  with  3 ft.  of  earth. 


F E RRO-CONCRETE  CON  ST  R UCTIO  N' 
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Fig.  11. — Driving  of  Ferro-Concrete  Piles  and  Sheet-piles,  Soutliampton,  England. 
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A close  examination  of  the  pièces  dug  up  lias  establishecl  the  following  facts: 

lst.  The  irreproachable  state  of  préservation  of  the  pipes,  in  which  there 
was  revealed  the  existence  of  a slight  calcareous  deposit,  about  1/16  in.  thick.  The 
pipes  do  not  show  the  least  fissure,  either  inside  or  outside. 

2nd.  There  exists  no  trace  of  oxidation  of  the  iron.  The  binding-in  wire 
which  connects  the  hélix  screws  with  the  longitudinal  irons  is  absolutely  free 
from  oxidation. 

3rd.  The  adhérence  between  the  métal  and  the  cernent  mortar,  constituting 
the  body  of  the  pipe,  was  such.that  they  would  only  be  separated  by  heavy  blows 
from  a sledge-hammer  despite  the  slight  thickness  (1§  in.)  of  the  pipes. 


Fig.  12. — Babcock  & Wilcox  Foundry,  at  Paris.  Entirely  built  in  Ferro-Concrete. 


4th.  Struck  violent  blows  from  a hammer  weighing  3 lbs.,  these  pipes 
evinced  remarkable  sonority,  such  as  might  be  had  from  a cast-iron  pipe  of  saine 
diameter  and  of  excellent  quality. 

5th.  The  detached  fragments  of  the  cernent  mortar  show  very  sliarp  angles. 

6th.  The  water-board  of  the  City  of  Grenoble  déclaré  that  the  canalization 
has  not  required  any  repairs  since  it  was  set  in  place.” 

We  might  give  a thousand  proofs  of  the  solidity  of  the  construction  on  the 
Hennebique  System.  We  might  quote  the  praises  given  them  by  such  eminent 
men  as  Professor  Ritter  of  Zurich  and  Mrs.  Considère  and  Rabut,  chief  engineers 
of  Ponts  et  Chaussées  of  France. 


Ferro- Conçu et e C o n str uct i o x 
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The  construction  in  Béton  Armé  forms  a monolith;  it  does  not  show  joints 
as  in  mason’s  work,  nor  scarfings,  as  in  metallic  frarnework.  This  is  wliat  consti- 
tutes  its  strength;  it  is  also  the  reason  why  it  equally  o fiers  great  security.  1 n 
fact,  during  the  mimerons  experiments  that  hâve  been  made  with  a view  to  break- 
ing  the  Hennebique  girclers,  it  lias  been  observed  that  these  constructions  never 
give  way  suddenly  but,  on  the  contrary,  long  before  the  final  breaking  of  the  tested 
pièces,  the  beginning  of  the  disintegration  is  inclicatecl  by  very  apparent  cracks  in 
the  concrète.  A like  security  cannot  be  had  where  the  construction  is  of  wood, 
stone  or  iron. 

Moreover,  Mr,  Hennebique  lias  never  undertaken  the  least  important  con- 
struction without  guaranteeing  its  solidity.  If,  for  instance,  a floor  is  calculated 
to  bear  a superimposed  load  L per  square  foot  he  subjects  that  floor  to  a test  load 
equal  to  1^  L,  and  pledges  himself  that  the  bending  of  the  girders  sliall  be  less 
than  1/800  of  their  span. 

linally,  can  any  doubt  be  entertained  of  the  strength  of  Hennebique’s  ferro- 
concrete  when  it  is  known  that  piles  of  45  feet  14  ins.  X 14  ins.  hâve  been  made 
of  it,  which  piles  were  driven  with  a 2-J-ton  ram.  (Cold  Storage  Plant  at  South- 
ampton  for  account  of  the  London  & South- Western  Rail  way  Co.) 

For  the  theoretical  study  and  calculations  of  résistance  of  the  ferro-concrete, 
Hennebique  system,  we  refer  the  reader  to  the  detailed  studies  made  and  pub- 
lished  by  Prof.  Ritter  (Schweizerischen  Bauzeitung,  1899,  Bancl  XXXIII,  Nos. 
5,  6,  7)  and  Engineer  Considère  of  Ponts  et  Chaussées  (Le  Génie  civil,  Xo.  8 du  4 
février,  1899.  Comptes  rendus  de  l’Académie  des  Sciences  de  France). 
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Flour  Mill  and  Grain  Elevator,  7000  tons  capacity,  at  Swansea,  England.  Entirely  built  in  Ferro-Concrete. 


Ferro-Concrete  Construction 
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Advantages  of  the  Hennebique 
System  of  Ferro=Concrete 
Construction 


Fire-Proofing. 

The  principal  quality  of  ferro-concrete  is  that  it  is  fire-proof.  Columns, 
girders,  floors,  stairways  of  ferro-concrete  are  unalterable  by  the  action  of  tire. 

It  is  now  well  known  that  iron  or  steel  constructions  resist  the  action  of  heat 
in  cases  of  trifling  tires  or  at  the  beginning  of  a conflagration,  but  fait  to  do  so  when 
the  tire  has  attained  a certain  fierceness.  Iron  beams  heated  to  a high  tempéra- 
ture lose  ail  résistance  and  fall,  dragging  down  the  walls  with  them. 

Conclusive  experiments  demonstrate  that  quite  to  the  contrary,  concrète  will 
bear  excessively  high  températures  without  disintegrating  and  thus  preserve  the 
iron  it  envelops. 

We  will  now  call  attention  to  experiments  that  were  made  at  the  Provincial 
Exposition  of  Ghent,  9th  and  28th  September,  1899.  Mr.  Hennebique  had  erected, 
in  the  gardens  of  the  exposition,  a two-story  pavilion  entirely  built  of  ferro-con- 
crete. 

Tests  of  résistance  were  first  made  by  loading  the  floors  of  the  second  story 
and  of  the  terraced  roof,  by  means  of  bags  of  sand.  The  load  was  équivalent  to 
1000  kilogrammes  per  square  meter  (about  200  lbs.  per  square  foot).  The  flec- 
tion  of  the  floors,  which  was  ascertained  by  means  of  registering  apparatus,  wras 
scarcely  1 millimeter. 

The  lower  room  was  then  filled  with  wood  and  coke;  the  whole  sprinkled  with 
petroleum  and  set  on  tire.  The  conflagration  lasted  one  hour  and  the  température 
produced  may  be  estimated  at  1300  degrees  F. 

Àt  the  end  of  the  first  test,  the  température  measured  on  the  floor  of  the 
first  story  had  only  risen  4°  F.,  which  means  that  no  mercantile  product  whatsoever 
would  hâve  suffered  damage  in  this  room.  During  the  conflagration  the  flection  of 
the  floor  attained  13J  mm.  (about  half  an  inch).  The  whole  building  was  next 
copiously  sprinkled  with  water  which  caused  only  a few  cracks  in  the  concrète. 
Two  hours  after  the  extinction  of  the  tire  and  when  the  load  was  removed,  the  floor 
had  risen  12  mm.,  so  that  the  permanent  deflection  resulting  from  the  tire  test  under 
a very  hëavy  load  was  scarcely  perceptible. 

In  order  to  prove  that  ferro-concrete  which  has  been  subjected  to  the  action 
of  fire  was  still  capable  of  bearing  the  same  loads  as  before,  Mr.  Hennebique  again 
experimented  on  the  28th  of  September,  this  time  loading  the  floor  with  2000  kgs. 
per  sq.  meter  (about  400  lbs.  per  square  foot)  and  subjected  it  to  a new  conflagra- 
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tion  which,  this  time,  lasted  two  hours.  The  ferro-concrete  successfully  resisted 
this  test. 

Similar  experiments  were  made  for  the  French  govemment  in  Paris  the  14th 
and  20th  of  August,  1900.  A small  building  entirely  made  of  concrète  was  twice 
exposed  to  the  action  of  fire  after  the  floor  had  been  laden  with  bags  of  sand, 
and  it  suffered  no  détérioration. 

To  sum  up,  the  action  of  violent  conflagrations  upon  constructions  in  ferro- 
concrete  will  necessitate  only  a few  repairs;  and  the  very  slight  conductibility  of 
walls,  of  even  3-J  inches  thickness,-  makes  of  them  absolute  fire-check  curtains. 


Fig.  14. — Fastenings  of  Shaf t-Hangers  on  Ferro-Conerete  Pillars. 

These  fire-proof  qualifies  of  ferro-concrete  constructions  make  them  excellent 
risks  and  enable  the  owners  thereof  to  obtain  the  lowest  insurance  rates  possible. 

Ferro-concrete  is  not  only  proof  against  accidentai  rises  in  température  but 
may  be  made  to  resist  permanent  ones,  as  is  illustrated  in  the  construction  at  Luzech 
(France)  of  a lime-kiln  which  gives  a saving  of  50  per  cent  over  kilns  built  of 
sheet  iron  lined  with  refractory  brick.  This  lime-kiln  lias  been  in  use  since  De- 
cember  1,  1899,  and  continues  to  give  full  satisfaction. 
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LOW  TEMPERATURES. 

Since  we  are  discussing  the  effect  of  température  on  ferro-concrete,  we  may 
say  here  that  cold  has  no  influence  whatever  on  its  résistance.  In  1897  Mr.  Ilenne- 
bique  constructed  at  Torino  (Italy)  floors  for  an  ice  factory,  which  are  exposed  on 
the  one  side  to  freezing  température  room  and  on  the  other  to  the  heat  of  the 
boiler  rooms.  They  hâve  never  shown  any  traces  of  disaggregation  or  weakening. 

Ferro-concrete  withstands  in  température  in  the  most  different  climates.  Eu- 
merous  applications  of  it  hâve  been  made  at  Cairo  and  in  Russia  (bridges,  réser- 
voirs, etc.,  at  Ekaterinoslaw;  Muséum  of  Egyptian  antiquities  at  Cairo). 

Vibrations. 

Floors  in  ferro-concrete  offer  great  résistance  to  vibrations.  Comparative  ex- 
periments  were  made  recently  at  Paris  by  the  engineers  of  the  Paris  and  Orléans 
Railroad  Company,  under  the  direction  of  engineer  Lanna,  on  the  floors  of  the 
electric  works  of  the  Austerlitz  Station. 

Two  floors,  one  of  ferro-concrete,  the  other  of  iron  and  brick,  botli  having 
the  same  bearing  and  ealculated  for  the  same  free  load,  were  tested  comparatively 
in  order  to  observe  the  effect  of  shocks.  The  dead  weights  of  these  floors  were 
respectively,  per  square  foot:  iron  floor  = 100  lbs.,  concrète  floor  = 62  lbs. 

Weights  of  110  lbs.  and  220  lbs.  were  let  fall  on  these  floors  and  it  was  noted 
that  a weight  of  110  lbs.  dropped  from  a height  of  6 \ feet,  produced  on  the  iron 
floor  vibrations  of  5/16  inch  amplitude,  lasting  two  seconds,  while  a weight  of  220 
lbs.  falling  from  a height  of  13  feet  on  the  ferro-concrete  floor  only  caused  maxi- 
mum vibrations  of  1/16  inch,  lasting  5/7  of  a second. 

Thus  a force  four  times  greater  gave  a bend  five  times  smaller  in  a ferro- 
concrete  floor  tlian  in  an  iron  floor  whose  dead  weight  was  about  one-half  greater 
than  that  of  the  concrète  floor,  and  the  duration  of  the  vibrations  in  the  latter 
case  was  about  one-third  that  in  the  case  of  the  former. 

It  is  easily  seen  of  what  importance  this  quality  of  the  ferro-concrete  must  be 
for  factories,  workshops,  bridges,  etc. 

Impermeability. 

The  ferro-concrete  is  impervious  to  water,  air  and  moisture,  for  which  reason 
it  is  admirably  adapted  for  tanks,  wells,  etc. 

Hygiene,  Cleanliness,  etc. 

Eeither  insects  nor  roclents  find  shelter  in  ferro-concrete.  They  cannot  attack 
it  for  such  is  its  hardness  after  a few  months  that  it  is  with  difïiculty  that  it  can 
be  chipped  with  the  best  steel  instruments.  One  will  readily  perceive  the  possible 
applications  of  this  remarkable  propriety  for  hospital  uses  and  school  floors,  grain 
elevators,  piles  driven  into  the  ground  or  immersed  and  constructions  in  warm 
countries. 

Vaults  hâve  been  made  of  it  in  a number  of  banks  in  Switzerland  and  elsewhere 
and  bullet-proof  screens  for  target  practice  are  being  made  of  it.  Finally  it  may 
be  noted  that  ail  the  great  Powers  are  now  using  ferro-concrete  for  the  protection 
of  fortresses  against  shell  fire. 
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15. — View  of  Floor,  Beams  and  Pillars,  Hennebique  System. 


Ferro-Concrete  Construction 


21 


Applications  of  Ferro=Concrete, 
Hennebique  System 


We  can  give  here  only  a inere  idea  of  the  number  and  variety  of  advantageous 
and  economical  applications  Mr.  Hennebique  has  made  of  bis  System  of  construc- 
tion. In  attempting  this  we  will  adopt  the  following  classification: 

lst.  Industrial  constructions  and.  lodging  bouses.  Foundations,  walls,  posts, 
floors,  cantilevers,  overhangs,  staircases  and  roofs  of  ail  kinds. 

2nd.  Tanks  and  réservoirs,  grain  elevators,  conduits  and  pipes. 

3rd.  Bridges  and  foot-ways. 


!st. — INDUSTRIAL  CONSTRUCTIONS  AND  LODGING  HOUSES. 


Foundations. 

A notable  economy  is  obtained  in  the  use  of  ferro-concrete  for  constructing 
f oundation  sills.  It  permits  a diminished  deptb  of  foundation  which  reduces  the 
cost  of  excavation  and  at  the  saine  time  présents  an  economical  means  of  distri- 
buting  enormous  loads  over  a soil  that  has  little  or  unequal  solidity.  In  this  way 
fissures  are  avoided  which  often  oceur  in  walls  of  great  length.  (Fig.  16.) 

One  of  the  first  and  neatest  applications  of  ferro-concrete  was  the  work  of 
underpinning  the  church-tower  of  Albert  (Somme-France).  This  tower  was  in 
progress  of  building  when  it  was  discovered  that  it  was  sinking.  Its  foundations 
had  been  laid  on  a yielding  soil  composed  of  a thickness  of  20'  to  30'  of  soft  lime- 
stone  laid  directly  upon  the  turf.  In  five  days  the  tower  had  sunk  seven  inches. 
Mr.  Hennebique  caused  the  tower  to  be  stayed  and  then  rested  it  on  a sill  of  ferro- 
concrete  which  projected  20  feet  on  ail  four  sides.  The  load  to  which  the  soil 
was  subjected  was  thus  considetâbly  diminished  and  the  tower  was  finished.  It 
has  not  moved  since. 

In  the  use  of  piles  for  foundations  there  is  an  advantage  in  replacing  wooden 
piles  by  piles  of  ferro-concrete  which  are  impénétrable  and  unassailable  by  teredoes. 

Advantage  to  be  obtained  through  the  use  of  ferro-concrete  for  the  construc- 
tion of  jetties,  wharves,  moles  and  walls  of  quays. 

At  Southampton,  for  the  foundations  of  a cold-storage  warehouse,  2000  piles 
of  ferro-concrete,  45  feet  in  length  and  14  x 14  inches  of  section,  were  driven  by 
means  of  Lacour  rams  weighing  3700  and  6000  pounds. 
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We  will  mention  also  the  jetty  at  Woolston  con- 
stituted  by  100  piles  of  10"  x 10"  npon  which  the 
jetty  platform  was  built.  The  platform  carries 
loads  équivalent  to  5 cwt.  per  square  foot.  A 60- 
ton  crâne  is  fixed  at  its  end. 

Ferro-concrete  is  used  in  the  construction  of 
caissons  or  floating  blocks  for  the  foundations  of 
sea  walls.  Thus  the  foundations  of  the  Soutchi 


Fig.  16. — Sill  of  a column, 
Hennebique  System. 


(Russia)  quays  are  made  of  caissons 
of  Hennebique’s  ferro-concrete  2V 
x 14'  with  19'  of  height.  The 
thickness  of  the  walls  is  5 inches. 
The.  caisson,  loaded  with  6 feet  of 
ballast,  floats  with  a draught  of  15 
feet. 

Walls. 

Ferro-concrete  can  be  applied 
to  the  construction  of  walls  and 
partitions  and  its  use  is  particularly 
advantageous  when  great  economy 
of  space  is  demanded. 

The  apartment  house  of  Mr. 
Hennebique,  built  at  Paris,  1 Dan- 
ton Street,  is  entirely  of  ferro-con- 
crete. It  contains  eleven  stories, 
counting  two  sub-basement  floors. 
The  annexed  plan  will  show  to 
what  extent  the  use  of  ferro-con- 
crete has  saved  space,  for  the  ex- 
ternal  walls  are  seen  to  hâve  but  7 
inches  thickness  at  the  first  story 
(18  centimeters).  (Figs.  1 and  18.) 


Fig.  17. — Retaining  wall  of  the  trench, 
Quai  Debilly,  Paris. 
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Posts  or  Pillars. 

Pillars  of  ferro-concrete  with  reduced  sections. 
Hennebique  System,  will  bear  the  heaviest  loads  with- 
out  possible  buckling.  The  résistance  of  these  col- 
umns  is  confirmed  by  experiments  and  use.  The 
simplest  section  of  these  pillars  (figure  19)  shows  that 
the  iron  is  placed  wherever  tensile  strain  might  occur. 

In  buildings  of  several  stories  the  pillars  form  a 
monolith  from  top  to  bottom  of  the  construction  and 
they  are  also  closely  connected  with  the  floors.  Trans- 
missions may  be  hung  on  them. 


Walls  of  quays  in 
jointed  sheet  piles  of 
ferro-concrete  procure 
one  of  the  most  advan- 
tageous  solutions  of  this 
kind  of  construction. 

Hennebique’s  re- 
taining  walls,  for  earth 
or  for  water,  are  so  re- 
duced in  section  that  at 
first  sight  they  seem 
rash,  but  if  résistance  of 
ferro-concrete  to  stress- 
es of  extension  is  taken 
into  considération,  it 
will  be  found,  as  prac- 
tice has  demonstrated 
that  the  theory  of  their 
construction  is  sound. 
(Fig.  17.) 

We  give  herewith 
the  profile  of  the  retain- 
ing  wall  of  the  Quai  De- 
billy  at  the  Paris  Expo- 
sition of  1900.  The 
wall  was  built  with  the 
approval  and  under  the 
direction  of  the  engi- 
neers  of  the  French 
Ponts  et  Chaussées  for 
public  service.  (See 
Fig.  35.) 


Fig.  19. — Section  of  a pillar. 
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Fig.  20. — Factory  Building  at  Epinal,  Fiance.  Beams  carryiug  a 30-ton  traveling  crâne. 
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In  Mr.  Singrtin’s  manufacture  at  Golbey  (Vosges)  pillars  11"  x 11"  and  20 
feet  in  height,  and  witli  a span  of  32  feet  bear  ferro-concrete  girders  on  which  roll 
travelling  crânes  of  30  tons.  They  support  at  the  sanie  time  the  flat  roof  of  the 
factory  and  carry  the  shafting  hangers  which  are  bolted  directly  to  them.  These 
pillars  are  23  feet  and  33  feet  between  centers.  The  saving  of  spac-e  obtained 
through  the  use  of  ferro-concrete  thus  becomes  self-evident.  (Figs.  10  and  20.) 

Floors. 

We  will  not  revert  to  the  considérable  advantages  of  the  incombustibility,  ré- 
sistance to  vibrations  and  cleanliness  of  ferro-concrete  floors. 


Fig.  21. — Ceiling  of  Café  and  Restaurant,  property  of  New  York  Life  Insurance  Company, 

Boulevard  des  italiens,  Paris. 


We  shall  certainly  be  asked  the  following  questions: 1 

What  is  the  thickness  of  concrète  floors? 

What  span  may  be  given? 

Can  they  be  given  a décorative  aspect  and  can  they  be  ornamented? 

We  are  going  to  show  by  examples  that  ferro-concrete  présents,  on  ail  these 
points,  a marked  advantage  over  ail  other  Systems  of  construction. 

Expérience  has  proven  that  the  most  economical  ferro-concrete  floor  is  always 
of  less  thickness  than  the  most  economical  iron  floor. 

lIt  is  obvious  that  we  cannot  speak  here  of  the  eost  of  constructions  in  ferro-concrete  and 
their  economy.  The  price  varies  necessarily  according  to  the  cost  of  raw  materials  and  localities. 
Each  design  submitted  is  accompanied  with  an  estimate  of  cost,  and  it  will  be  left  to  the 
architects  and  the  proprietors  to  study  our  estimâtes. 
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Fig.  22. — Covering  of  the  Railroad^of  Moulineaux,  Paris.  Span,  50  feet. 
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Ail  spans  that  may  be  realized  in  the  construction  of  iron  floors  may  likewise 
be  attained  in  concrète  building,  and  this  always  with  a saving  in  height. 

Figure  21  shows  the  second-story  floor  of  the  building  ereçted  in  Paris  for 
the  New  York  Life  Insurance  Company.  It  is  calculated  to  carry  a weight  of  100 
Ibs.  per  square  foot  and  was  tested  with  a load  of  150  lbs.  This  floor  serves  as  a 
ceiling  for  a café  33' x 20',  and  it  was  desired  that  the  beams  in  this  ceiling  should 


Fig.  23. — Sections  of  tbe  Covering  of  tlie  Moulineaux  Railroad,  Paris, 
not  be  apparent.  Mr.  Hennebique  solved  this  difficult  problem  by  means  of  a 
continuons  flagging  of  only  6^  inches  thickness.  If  the  span  of  this  floor  be  well 
considered,  it  will  be  évident  that  only  by  the  use  of  ferro-concrete  could  the 
architecFs  desire  be  realized. 


As  an  example  of  great  span  we  will  cite  the  covering  of  the  trench  of  the 
Moulineaux  Railroad  which  runs  along  the  Seine.  (Figs.  22  and  23.)  Among  the 
numerons  visitors  of  the  foreign  palaces  at  the  exposition  of  1900,  how  many  were 
there  who  knew  that  a railway  ran  under  them?  The  floor  constructed  to  sup- 
port these  palaces  had  a span  of  52'  and  was  calculated  to  bear  a.  load  of  over 
200  lbs.  per  square  foot.  It  was  composed  of  girders  3^'  in  height,  set  at  13'  to  16 
between  centers  and  United  by  a ferro-concrete  filling.  On  one  occasion  eleven 
trusses  of  the  frame  work  of  a palace  in  course  of  construction  together  with  a 
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75-foot  high  crib  which  served  to  hoist  them  were  blown  down  and  fell  npon  tlie 
ferro-conc-rete  floors,  which  resisted  perfectly  the  force  of  impact  due  to  the  fall 
of  these  great  weights.  The  work  of  covering  this  trench,  involving  the  con- 
struction of  150,000  sq.  feet  of  floor  surface  was  completed  in  three  months  from 
the  time  of  letting  the  contract. 

Large  floors  with  apparent  beams  are  very  often  adapted  for  public  buildings 
and  industrial  structures.  In  the  former  we  easily  succeed  in  giving  them  a hand- 
some  appearance,  for  they  lend  themselves  to  ail  the  combinations  permitted  by 
wooden  beams. 


Fig.  25. — Palace  of  Fine  Arts,  Paris  Exposition,  1900.  Floors  with  gallery  ; overhang  of  11  feet. 

Moreover  they  can  be  easily  decorated  by  means  of  plaster  or  stucco,  which 
adhères  well  to  the  concrète;  as  an  example  we  will  cite  the  Court  House  of  Yerviers 
and  the  Lausanne  Postoffice  (Switzerland).  (Fig.  24.) 

A floor  of  the  Palace  of  Beaux  Arts  at  the  Exposition  of  1900  (Fig.  25)  having 
a span  of  32'  and  calculated  for  a load  of  120  lbs.  per  square  foot  was  prolonged  by 
an  overhanging  gallery  10'  wide,  calculated  for  the  same  load.  The  thickness  of 
this  floor  with  its  beams  was  only  26  inches.  We  invite  attention  to  this  disposi- 
tion of  a gallery  wfliich  is  of  great  advantage  in  the  construction  of  théâtres  and 
concert  halls,  as  it  does  away  with  obstructing  pillars. 

The  theatre  at  Berne  is  constructed  on  this  principle.  It  is  entirely  of  ferro- 
concrete,  Hennebique  System.  Even  the  stairways  and  the  galleries  are  of  it. 

The  new  “ Comptoir  National  d’Escompte  ” of  Paris  is  entirely  constructed  of 
ferro-concrete,  embracing  floors,  fronts,  stairs,  fiat  roofs  and  shelving. 
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Small  Moyable  Buildings. 

Several  railroad  companies,  in  France,  hâve  adopted  ferro-concrete  for  the 
construction  of  small  watch-boxes  for  signal-men,  switchers,  etc.  These  small 
buildings  need  no  repairing,  are  very  wholesome  and  easily  transported  from  place 
to  place. 

Cantilevers. 

Ferro-concrete  being  capable  of  resisting  extension  stresses  permits  one  readily 
to  make  of  this  material  ail  cantilevers  that  are  generally  in  use,  sucb  as  galleries, 
balconies  and  bow-windows. 

We  hâve  already  spoken  of  the  cantilevers  of  the  Beaux  Arts  building  at  the 
Paris  Exposition  (Fig.  25).  Let  us  now  mention  the  wharf  at  Nantes  of  30'  over- 
hang  upon  which  a railway  track  of  standard  gauge  is  carried. 


In  order  to  widen  the  circular  railway  of  Paris  along  the  Pereire  and  Lannes 
boulevards,  ferro-concrete  sidewalks  and  brackets,  4'  to  8'  overhang,  over  a length 
of  4000  feet,  to  bear  a load  of  80  lbs.  per  sq.  foot  were  built.  It  must  be  obvious 
to  any  one  that  this  work,  intended  for  a thoroughfare,  was  subjected  to  the  most 
severe  tests  before  it  was  opened  to  public  traffic.  (Figs.  26  and  27.) 

Architects  would  fînd  great  advantages  with  the  Hennebique  System  in  solv- 
ing  small  difïiculties  in  construction,  especially  for  overhangs,  balconies,  etc. 

Staircases. 

Common  sense  tells  us  that  it  does  not  sufïice  to  hâve  incombustible  floors  but 
that  staircases  must  also  be  indestructible  by  tire. 

Here  again  ferro-concrete  présents  innumerable  resources  and  admits  of  the 
most  advantageous  and  interesting  solutions.  Straight  staircases,  winding  stairs, 
small  flights  and  monumental  stairs  are  ail  easily  constructed  and  decorated.  We 


Fig.  27. — Cantilever  of  the  Sidewalk,  Boulevard  Pereire,  Paris. 
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Fig.  28.  — Shed  Roof  in  Ferro-Concrete,  Boulogne  Sur  Seine,  France. 


Fig.  29. — Market  of  Genoa. 
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may  cite  as  models  the  staircases  of  the  Palace  of  Fine  Arts  at  the  Exposition  of 
1900  and  those  of  the  Lausanne  postoffice. 

Roofs. 

Ail  kinds  of  roofs  are  made  of  ferro-concrete.  Figure  12  shows  the  summit 
of  a roof  40-foot  span  in  course  of  construction  for  the  Babcock  and  Wilcox  foundry 


Fig.  30.  — Water  Tower  of  120,000  gallons  capacity,  Billancourt  near  Paris. 


at  Courneuve  (France).  Figure  28  shows  the  shed  roof  of  the  Fontaine’s  mill  at 
Boulogne  sur  Seine.  But  it  is  above  ail  in  the  construction  of  fiat  roofs  that  ferro- 
concrete  has  been  most  advantageously  used  (Fig.  29).  The  surface  of  the  finished 
roof  is  covered  over  with  a layer  of  sand  and  gravel  of  about  one  foot  thickness.  A 
roof  is  thus  obtained  which  possesses  two  highly  valuable  qualifies:  it  is  impervious 
to  air  and  dampness  and  is  a very  poor  conductor  of  heat;  which  suppresses  conden- 
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sations  in  premises  liaving  higli  hygrométrie  conditions.  For  this  reason  thc 
Chamber  of  Commerce  of  Calais  (France)  gave  np  its  warehouses  for  storing  sugar 
and  had  new  ones  built  with  ferro-concrete  fiat  roofs  (surface  54,000  sq.  feet),  in 
which  the  sngar  is  perfectly  preserved. 

For  the  same  reason  many  cotton-mills  bave  ferro-concrete  roofs  as  the  hygro- 
métrie state  of  the  air  plays  such  an  important  part  in  this  industry.  (Spinning 
mills  of  Lille.) 

Ferro-concrete  fiat  roofs  are  of  great  advantage  for  the  regular  lighting  of 
large  one-story  factory  buildings  (foundries,  workshops,  etc.),  the  roofs  are  pierced 
with  large  rectangidar  openings,  surmounted  by  a glass  skylight  through  which  an 


Fig.  31. — Canal  of  the  Simplon,  Switzerland. 

absolutely  regular  light  falls  (Mr.  Singrüivs  manufacture  at  Golbey,  France). 
(Figs.  10  and  20.) 

Ferro-concrete  is  also  adapted  for  the  construction  of  cupolas;  that  of  the 
Vichy  casino  lias  a diameter  of  90  feet. 


2nd. — RESERV OIRS,  CANALS,  GRAIN  ELEVATORS. 

Pipes,  tanks,  réservoirs,  etc.,  were  the  first  application  of  ferro-concrete.  Mr. 
Hennebique  has  built  every  kind  of  réservoir,  covered  and  open;  cisterns,  sunken, 
standing  upon  or  elevated  above  the  ground. 
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For  instance  the  réservoirs  constructed 
at  Billancourt  near  Paris  (fig.  20)  hâve  a ca- 
pacity  of  120,000  gallons.  The  inner  diame- 
ter  is  of  40',  the  inverted  arch  of  the  réser- 
voir is  situated  at  the  height  of  46  feet  and 
the  total  height  of  the  édifice  in  ferro-con- 
crete  is  80  feet,  of  which  19  are  helow  the 
surface  of  the  ground,  making  the  total 
height  ahove  ground  61  feet.  The  inner 
surfaces  of  basins  or  ditches  may  also  he 
lined  with  ferro-concrete  making  them  thus 
absolutely  water-tight. 

C AN  ALS.  ‘ 

While  canals  in  ferro-concrete  of  va- 
rions Systems  hâve  been  made  everywhere. 
we  canriot  resist  the  pleasure  of  descrihing 
the  canalization  of  the  Simplon,  executed  in 
1899,  under  the  direction  of  the  Engineer 
I)e  Mollins,  Hennebique’s  agent  at  Lau- 
sanne, Switzerland.  (See  Figs.  31,  32  and 
41.) 

The  motive  ])ower  required  for  perfor- 
ating  the  Simplon  and  for  lighting  the 
works  of  the  tunnel  was  about  6000  H.  P. 
This  was  obtained  bv  utilizing  a part  of  the 
water  supply  of  the  river  Rhône.  The  dis- 
charge utilized  was  2113  gallons  per  second. 
This  same  motive  power  will  serve,  later. 
for  the  ventilation,  lighting  and,  perhaps, 
for  the  traction  motive  power  to  be  used  in 
the  tunnel.  The  problem  was  to  construct 
a canal  9800  feet  long,  which  would  he  pro- 
longed  hy  a forced  conduit  in  sheet  iron 
5600  feet  in  length.  But  this  canal,  to  the 
physical  conditions  involved,  presented 
great  difficultés  in  its  execution  as  it  first 
passed  along  a mountain  side,  then  through 
a plain  covered  with  heaps  of  fallen  rock, 
rubbish,  etc. 

It  was  at  first  proposed  to  construct  it 
of  wood  and  the  cost  was  estimated  at  85 
francs  per  meter.  It  was  then  that  a canal 
in  ferro-concrete  was  proposed,  at  100 
francs  per  linear  meter,  which  was  accepted 
hy  the  company. 
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Fig.  33. — Grain  Elevator  of  Genoa. 
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Tlie  Simplon  canal  lias  an  inner  section  of  6'  7"  square  and  its  walls  hâve  a 
thickness  of  4".  The  side  walls  are  smooth  and  hâve  a uniform  fall  of  1,  2 per 
1000.  The  flow  of  water  lias  a velocity  of  6J  feet  per  second.  (Fig.  32.) 

The  canal  is  carried  on  ferro-concrete  trestles,  which  hâve  a height  of  16  to 
33  feet.  They  are  constructed  against  the  mountain  sides  as  well  as  upon  the 
rubbish  of  the  plains.  The  canalization  is  jointed  every  16  feet  on  the  trestles, 
in  order  to  avoid  any  tissures  which  might  be  produced  by  expansion  and  contrac- 


Fig.  34. — Coal  Pockets,  450  tons  capacity. 

tion.  These  joints  are  filled  up  with  very  fine  slime  which  makes  tliem  water- 
tight.  Moreover,  the  waste  of  water  that  was  allowed  for  was  only  1/10  of  a gallon 
per  foot  and  per  minute,  and  it  was  not  attained. 

The  work  was  begun  on  the  lst  of  April,  1899,  and  two  months  later  the 
trestles  were  finished.  The  work  of  canalization  was  then  carried  on  at  the  rate 
of  130  feet  per  day,  with  140  workmen,  and  the  canal  of  9800  feet  was  delivered  on 
the  20th  of  July  and  filled  on  the  22nd.  It  requires  no  keeping  in  repair  and  will 
hâve  unlimited  duration. 
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Grain  Eleyators. 

Numerous  grain  elevators  hâve  already  been  constrncted  of  ferro-concrete, 
which  hâve  ail  and  always  given  full  satisfaction.  We  will  mention  among  others 
the  mills  and  elevators  constructed  at  Swansea  (England)  for  Weaver  & Co.  Tliese 
elevators  hâve  a capacity  of  400,000  bnshels,  a height  of  112  feet  from  the  founda- 
tions  to  the  fiat  roof,  and  the  latter  is  utilized  as  a cistern  to  hold  about  100  tons, 
of  water.  (Fig.  13.) 

The  elevators  of  Strasburg  contain  330,000  bushels. 

The  elevators  of  Genoa  are  still  more  considérable  and  cover  a surface  of 
about  1.5  acres.  Tliey  are  composed  of  204  rectangular  pockets  of  57  feet  high 
containing  each  about  5000  bushels.  The  partitions  are  10"  thick  at  the  base  and 
5"  thick  at  the  top.  (Fig.  33.) 

Several  coal  elevators  hâve  also  been  constructed,  especially  at  the  Lens, 
Louvain,  Aniche  mines.  (Fig.  34.) 


3ra. — FO  O T BRIDGES  AND  BRIDGES. 

The  subject-matter  we  are  entering  upon  deserves  to  be  fully  developed  for 
we  are  convinced  tliat  ferro-concrete  will,  some  day,  find  in  these  structures  one 
of  its  most  important  applications. 

Ferro-concrete  bridges  unité  ail  the  advantages  that  may  he  found  in  wooden, 
stone  or  métal  bridges,  and  hâve  none  of  the  principal  defects  of  each  of  these 
classes  of  bridges. 


Like  wooden  bridges,  small  bridges  in  ferro-concrete  are  not  very  expensive, 
tliey  are  easy  to  build  and  do  not  require  preliminary  studies  nor  expensive  founda- 
tions.  They  are  of  excellent  service  for  foot  bridges. 

Ferro-concrete  bridges  are  indestructible  and  do  not  necessitate  keeping  in 
repair.1  They  may  he  given  a fine  architectural  aspect.  These  are  the  qualities 
possessed  hy  stone  bridges. 

1 One  of  the  most  curious  applications  of  ferro-concrete  is  to  be  found  in  the  reenforcement 
of  metallic  bridges.  The  following  is  given  as  an  example  of  sucli  work:  The  engineers  of  the 
Orléans  Railway  Company  ascertained  recently  that  a métal  bridge  at  Perigueux  was  weakened 
through  the  oxydation  of  its  members.  It  was  suggested  that  the  damaged  structure  might  be 
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Fig.  36. — Bridge  and  Ketaining  Walls,  Quai  Debilly,  Paris. 
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Ferro-concrete  bridges  are  lighter  than  métal i ic  unes  and  are  less  subject  to 
vibrations.  They  lend  themselves  very  easily  to  the  form  of  skew  bridges,  whieh 
at  times  are  of  so  great  service. 

We  will  speak  here  of  several  bridges  which  were  constructed  under  the  con- 
trol  of  the  service  of  Ponts  et  Chaussées  of  France  and  which  were  only  given  to 
public  traffic  after  they  had  withstood  the  most  stringent  test  conditions. 

1.  At  the  Exposition  of  1900,  the  foot  bridge  which  connected  the  Troeadero 
palace  with  the  Madagascar  exhibit,  was  built  of  ferro-concrete,  Hennebiqne  System. 

2.  Subway  of  the  Quai  Debilly,  Paris,  retaining  walls  and  bridge  of  40  feet 
span.  (Figs.  17,  30  and  37.) 

The  bridge  over  the  Quai  Debilly  formed  a continuation  of  the  Iena  bridge 
over  the  Seine  and  gave  direct  access  to  the  Champ  de  Mars  from  the  Troeadero. 


This  bridge,  with  the  retaining  walls  of  the  depressed  viadnet  was  built  of  Henne- 
bique’s  ferro-concrete.  It  is  composed  of  12  arched  ferro-concrete  beams  of  40 
feet  span  placed  about  8 feet  apart;  the  rise  of  the  arches  is  2 feet  or  1/23  of  the 
span. 

The  floor  forming  the  sidewalks  and  roadway  varied  in  thiekness,  and  is  snp- 
ported  on  ferro-concrete  cross-beams  placed  at  right  angles  to  the  main  beams. 
The  total  width  of  the  bridge  is  98'  5"  and  is  made  up  of  a roadway  20'  3"  wide, 
and  two  sidewalks  each  30'  1"  wide. 

The  abntments  and  fonndations,  also  built  of  ferro-concrete,  are  of  spécial 
design.  By  this  arrangement  they  are  designed  to  transmit  the  thrust  of  the 
arches  evenly,  and  with  as  little  pressure  as  may  be  necessary  to  the  ground  behind 
and  underneath  the  foundation. 

The  floor  was  calculated  to  carry  a load  of  123  lbs.  per  square  foot,  and  also 
rows  of  carts,  each  carrying  10  tons  on  the  roadway. 

Tests. — The  tests  of  the  bridge  floor  were  made  on  February  0,  1900,  in  the 
following  manner: 


preserved  by  simply  strengthening  it  with  ferro-concrete.  This  suggestion  was  accepted  as 
expérience  had  taught,  that  rusted  iron,  wlien  imbedded  in  cernent,  adhères  to  it  with  great 
tenacity,  and  at  the  same  time  is  preserved  for  an  indefinite  period.  The  resuit  attained  was  ail 
that  was  desired,  and  the  reconstructed  bridge  was  accepted  for  service  by  the  government 
engineers. 
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lst.  A uniform  load  of  123  lbs.  per  square  foot  was  clistributed  over  the 
whole  of  the  bridge,  i.  e.,  46'  x 48'  5"  x 123  lbs.  equals  556,841  lbs.,  say  248-J  tons. 

2nd.  On  the  outside  bay  the  load  was  inereased  to  185  lbs.  per  sq.  foot,  or 
50  per  cent  more  than  the  calculated  load. 

The  girders  numbered  1 to  12  showed  the  deflections  given  in  the  table  below. 


Fig.  38. — Bridge  over  the  Vienne,  Cliatellerault,  France. 


Loads 

Time 

No.  of  Beam 

1 

62  lbs. 

n 

per  sq.  ft. 

11.45 

123  lbs. 

4.15 

Deflection  s 

185  lbs. 

4.45 

in  Inches 

6.30 

Load  removed 
by  10^  35™ 
11.15 

0.046 

0.156 

0.242 

0.218 

0.062 

2 

0.058 

0.070 

0.183 

0.234- 

0.249 

0.066 

3 

0.066 

0.078 

0.206 

0.234 

0.242 

0.058 

4 

0.070 

0.082 

0.218 

0.234 

0.238 

0.043 

5 

0.066 

0.074 

0.195 

0.210 

0.039 

6 

0.062 

0.066 

0.179 

0.195 

0.031 

7 

0.062 

0.066 

0.183 

0.195 

0.031 

8 

0.062 

0.203 

0.210 

0.047 

9 

0.066 

0.086 

0.246 

0.251 

0.051 

10 

0.066 

0.078 

0.195 

0.234 

0.039 

11 

0.051 

0.066 

0.164 

0.167 

0.008 

12 

0.031 

0.039 

0.097 

0.117 

0.008 

The  maximum 

deflection  was 

l of  an  inch 

or  1/2154  o 

if  the  span. 

The  abut- 

ments  and  foundations  stood  tlie  test  perfectly,  there  was  no  settlement  or  distor- 
tions.  The  diagrams  show  very  clearly  the  perfect  regularity  of  the  increase  and 
decrease  of  deflection. 
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Fig.  39. — Bridge  over  Vienne,  Cb^tellerault,  France, 
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As  a third  example  we  will  describe  the  bridge  of  Chatellerault  over  the  river 
Vienne  in  France.  It  is  the  greatest  work  of  art  that  has  been  constructed  in 
ferro-concrete,  Hennebique  System.  Foundations,  piers,  abutments,  arches  and 
floor  forming  ail  were  made  of  ferro-concrete.  (Figs.  38,  39  and  40.) 

The  total  length  of  the  bridge  is  443'  and  it  is  composed  of  three  spans,  two 
latéral  ones  of  135'  with  a rise  of  13'  and  a central  one  of  164'  with  a rise  of  15'  8". 
Four  arches  in  ferro-concrete  20"  high,  bear,  by  means  of  braces  8"  x 8"  the  floor 
of  25'  width;  the  sidewalks  are  placed,  in  part,  in  cantilever.  To  give  an  idea  of 
ihe  lightness  of  this  structure  we  will  say  that  in  the  central  vault  the  total  thick- 
ness  at  the  key  is  only  28". 


Fig.  40.—  Bridge  over  the  Vienne,  Chatellerault,  Franee. 

The  foundations  of  this  bridge  were  very  easily  laid,  the  calcareous  rock  being 
found  at  5'  below  low  water  mark.  The  piers  and  abutments  are  constituted  of 
four  braces  corresponding  to  the  arches  and  connected  by  a curtain  in  concrète  of 
5"  thickness,  which  gives  them  their  external  shape.  They  are  filled  in  weak  con- 
crète of  hydraulic  lime. 

The  calculations  were  based  on  the  supposition  that  the  bridge  would  hâve  to 
bear  a load  due  to  the  passage  of  two  files  of  two-axled  carts  weighing  16  tons 
each;  the  sidewalks  bearing  a dead  weight  of  100  lbs.  per  square  foot. 

The  centering  being  placed  and  the  foundations  ready,  the  concreting  was 
begun  on  the  15th  of  August,  1899;  it  was  completed  by  the  5th  of  November,  and 
the  centering  was  removed  on  the  15th  of  December  following. 

The  bridge  was  then  subjected  to  a sériés  of  trials  under  the  direction  of 
Engineer  Aubin  of  the  Ponts  et  Chaussées. 
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The  tests  by  dead  weight  were  conducted  in  the  follovving  manner:  each  bay 
was  loaded  over  its  total  length,  then  on  each  half,  then  on  its  médian  part.  This 
load  was  formed  of  moist  sand  and  the  rate  of  165  lbs.  per  square  foot  on  the  road 
bed  and  123  lbs.  per  square  foot  on  the  sidewalk. 

The  official  report  of  the  trials  by  Engineer  Aubin  says  that: 

“ The  maxima  of  dépréssions  were  of  for  the  areh  of  the  left  shore,  7/32" 
for  the  arch  of  the  right  shore  and  13/32"  for  the  central  arch.  The  mean  pro- 
portion for  the  latéral  arches  1/7300  of  the  bearing  and  for  the  central  arch  only 
1/5000.  When  the  overloads  were  removed  and  the  bridge  completely  cleared  the 
arches  returned  very  exactly  to  their  original  position/'’ 

The  bridge  was  tested  with  a moving  load  composed  of: 

1 steam  roller  of  16  tons. 

2 two-axled  carts  of  16  tons. 

6 s’ngïe-axle  carts  of  8 tons  which,  together  with  the  teams,  gave  total  weight 
of  40  tons  passing  simultaneously  on  the  bridge,  whose  sidewalks  bore,  in  addition, 
a load  of  80  lbs.  per  sq.  foot.  More  than  that,  250  infantry-men  were  made  to 
cross  the  bridge  in  a body,  first  at  cadenced  step,  then  in  double-quick  time. 
(Fig.  38.) 

After  this  the  steam  roller  was  passed  over  the  platform,  upon  which  cleats  of 
wood,  2"  thick  were  strewn  in  order  to  produce  a sériés  of  shocks. 

We  cannot  give,  in  this  sketch,  the  results  of  ail  the  trials  that  this  ferro- 
concrete  bridge  victoriously  withstood. 

The  maximum  of  dépréssion  attained  did  not  exceed  1/9000  of  the  length  of 
the  arches  and  the  deformations  of  the  arch  with  regard  to  its  mean  line  alwavs 
remained  inferior  to  those  caused  by  the  dead-weight  tests. 

There  never  was  any  permanent  deformation. 

But  the  most  remarkable  fact  that  was  ascertained  in  the  course  of  these 
trials  was  that  the  three  arches  were  united  by  a sort  of  solidarity,  so  that  the  load 
which  caused  a flection  in  one  of  them  excited  at  the  same  time  a raising  up  of  the 
contiguous  arch. 

We  are  right,  therefore,  when  we  say  that  a structure  in  ferro-concrete,  Henne- 
bique  System,  forms  a monolith,  without  joints,  such  as  are  seen  in  bridges  of 
masonry  work  and  without  scarfings  like  those  of  metallic  bridges. 

Let  us  end  here  by  saying  that  the  dead  weight  of  the  bridge  of  Chatellerault, 
ail  told,  is  only  250  lbs.  per  square  foot,  and  that  it  cost  the  city  less  than  200,000 
francs  to  construct. 

One  will  be  possibly  astonished  to  see  how  numerous  are  the  applications  of 
the  Hennebique  System  of  ferro-concrete.  The  explanation  is  simple.  The  in- 
ventor  has  been  able  to  interest  in  his  System  of  construction  a great  many  engineers, 
architec-ts  and  builders  who  hâve  given  him  their  ideas  and  hâve  become  his  col- 
laborators. 

When  the  American  mind  will  hâve  grasped  the  Hennebique  System  we  feel 
certain  most  wonderful  constructions  will  prove  its  merits  and  advantages  to  an 
intelligent  public. 

The  best  ending  for  this  pamphlet  will  be  the  following  words  of  Geo.  S. 
Morrison,  an  eminent  construction  engineer  of  Chicago,  who  sounded  the  keynote 
on  the  subject  before  the  Western  Society  of  Engineers  when  he  said  in  substance: 
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Fig.  41. — Construction  of  the  Canalization  of  the  Simplon. 

“ I believe  we  are  only  at  the  beginning  of  concrète  construction,  and  if  the 
results  can  be  obtained  with  concrète  structures  carrying  light  métal  structures 
imbedded  within,  the  time  will  corne  when  this  will  be  the  one  correct  method  of 
building.  A concrète  mass  with  a métal  skeleton  in  which  the  concrète  absolutely 
protects  the  métal  from  corrosion  is  what  we  may  reasonably  expect  to-day  — a 
concrète  as  good  as  the  majority  of  natural  stone,  we  ought  sooner  or  later  be  able 
to  produce — is  the  idéal  material  for  buildings 

It  would  be  immensely  better  than  a steel  skeleton  covered  with  a thin  layer 
of  terracotta  exposed  to  the  oxydizing  influence  of  the  atmosphère. 

The  time  will  corne  when  artificial  stone  buildings  constructed  in  this  man- 
ner  will  be  more  used  than  anything  else.” 


HENRI  KAMPMANN, 

INGÉNIEUR  DES  ARTS  ET  MANUFACTURES. 


